Abstract. Today, advances in technology help humans to overcome emissions to some extent. Environmental researchers have attempted in recent years to find low-cost and effective approaches to pollutants control. It is important to consider the economic sphere in the approaches of dealing with pollution, as it has merits that should not be ignored, because of the existence of inefficient and expensive rules. To control air pollution, effective and long-term strategies should be identified and implemented. Among the components of air pollution control systems, pollution remediation equipment is of high importance. The present study aimed to assess air filtration systems, with emphasis on hybrid and new technologies, economic evaluation and prioritization of particle control technologies using a cost-benefit analysis method. According to the results, the research Cost-benefit analysis of particles control technologies based on research aspect had different weights. Wet ESP, Nano fiber beds, and ESP Bag Filter respectively were identified as the most appropriate particulates control techniques.
Introduction
Industrial and technological developments and increasing energy consumption have led to renewable sources pollution (Zhang et al., 2015; Zeng et al., 2017) . Given operating costs of different methods of pollution control and lack of return on investment have become air pollution control into an unprofitable economic burden (Robert and Erson, 1983; Moridi et al., 2017; Yarahmadi et al., 2010) . To control air pollution, effective and long-term strategies should be identified and implemented (Vlachokostas et al., 2011; Yarahmadi et al., 2010; Lei, 2005; Vanoye and Mendoza, 2014; Chen et al., 2018) . However, most decision-makers are not able to properly assess and reduce the costs of environmental degradation and the expenditure necessary to comply with the standard rules of air pollution reduction. For this reason, in many cases managers have had to use methods that are either expensive and unaffordable, or inexpensive but unreliable. Engineering Economics is a specialized field in economics that uses analysis methods to estimate costs (Zhao et al., 2016) and determine the value of industrial projects. This field has many roles, including the evaluation of industrial project usefulness, estimating values, and evaluating them in terms of technical and engineering issues (Salehi and Tavakkoli-Moghaddam, 2008) . General methods used to particles are settling chamber, cyclone, bag house, scrubber, ESP and extra. The final composition is applying control measures and using technical equipment based on economic aspects (Boardman et al., 2017; Jin et al., 2018; Min et al., 2017) . The absence of relevant studies can lead to health, safety, economic, energy, environmental (HSE 3 ) and social losses; this research was the first to prioritize and select the most http://www.aloki. Spiegel and Maystre, 1998) . Previous studies indicate that, the high initial and operative costs of common filtration methods and lack of return on investment have turned air pollution control into an unprofitable economic burden. Based on these concern policy makers have hence made numerous efforts to develop cost-effective methods and optimized techniques to manage air pollution based on all economic, environmental, and social considerations. Therefore, selection of air pollution new technologies have been proposed to prioritize and chosen by seeking an option which provides maximum benefit based on all mention criteria (Moridi et al., 2017) . These also include the cost of raw materials, design costs, consulting costs, personnel costs and maintenance costs. A study entitled cost analysis framework project was published; it used cost-benefit analysis as a practical tool for evaluating different types of projects. This study aimed to analyze costs and benefits, assess money value, and offer the highest quality of results in order to optimize the use of valuable resources (Qld, 2011) . The most common method for assessing the beneficial effects of environmental policies is cost-benefit analysis (CBA) (Voorhees et . Robert et al. (1983) considered the economic sphere in the approaches of dealing with pollution to have merits that should not be ignored, as inefficient and expensive rules exist (Robert and Erson, 1983) . Studies show that in most cases, the most costeffective pollution control program is the cheapest one . The aim of research is assessment of new technologies with economic, environmental, social consideration for particulate control technologies using a cost-benefit method.
Methods
The cost-benefit analysis (CBA) method is often used as an efficient tool for estimating environmental costs and benefits. This method is used in decision-making relating to development projects as well as the evaluation of policies (Voorhees et al., 2001; Quah, 2007) .
This method, which uses the simple cost-benefit approach tool (SCBAT), selects the best option in regard to economic-executive considerations that help project managers in managerial decision-making. This method was used for optimized air filtration technologies selection with the cost-benefit aspects include of Financial, Personnel, Service and maintenance, Environmental-social, Production and HSE risks for the first. Using this method in our study, the procedure is as follow (Cellini and Kee, 2010):
1. A list of innovative technologies in the field of particles control was collected. 2. Experts assessed the initial survey list. Determination the aspects of costbenefits associated for key selected technologies were done by expert panel groups (brainstorm). 3. Criteria for the costs and benefits and their elements associated with each option of the investigated technologies in Table 1 were identified (Treasury, 2006; Campbell and Brown, 2003 ).
4. According to the method, the criteria of cost benefit were scored through linguistic variables (scores: 1-3 Scale Rating: Low = 1, Moderate = 2, High = 3). 5. The benefit-to-cost ratings ratio and the ranking by the outcome of technology from benefit-cost standards were determined (Svensson, 2016 ). 6. If the resulting number is greater than one, it means there is more profit than cost and high priority will be given. If the number is one, the benefit is equal to the cost, and priority will be given with caution. If the benefit ratio is less than the cost and the obtained value is smaller than one, the action will be in completion. Cost-benefit in this case does not have any benefit, and this option will not be given priority. 7. Setting priorities based on larger concessions will be a top consideration.
According to the method, a list of hybrid and new control equipment for particle air pollutants was given to the experts to be indexed. In this study, an expert panel of six technicians with high experience in the fields of air pollution, environmental sciences, occupational health and industrial safety was used. The present study expert panel of was selected of four company in Iran with the ability of design, manufacture, install, and maintenance. The criteria of each cost-benefit exercise and their constituent elements associated with each option were scored by experts and specialists from design and manufacturing companies. Then, the benefit-to-cost ratio was calculated and ranked.
Table 1. Aspects of costs and benefits associated with each action

More description The cost-benefit aspects
Investment -required equipments to build and launch Financial
Training -internships -internal, external period -absence from work Personnel Operating period -services -operational energy -maintenance and service Service and maintenance Release of toxic substances -waste management -the rule of law -efficiency Environmental-social Investment -new products -the need of new information Customer orientation Development -efficiency -replacing equipment and entrance fees Production Personnel's safety -fires -the damage to the production network HSE risks
Results
Initial and selected list of particulate control technologies were shown in Table 2 . Information collected in the Tables 3-7 for rating particle-filtering technologies after the preliminary analysis: 
Discussion
ULPA filter technology
The results in Table 3 show more costs in the financial, personnel, customer service, and production areas. Possible changes to the original design, heat-resistant compounds, maintenance and service, blocked pores and vulnerability to high temperatures, and recycling are the costs of using this technology. High efficiency, information localization, least risk of fire and explosion, and the re-use of filters after cleaning are the benefits of using this technology. The results of previous research study showed that the filtration efficiency of ULPA filter is over 99.999% with a particle diameter of 0.12-0.17-μm Along with significant costs in maintenance and operations .
Wet ESP technology
According to the results Table 4 , the financial, personnel, environmental, social, and customer benefits are a result of lower operating costs, short-term training, low power consumption, high temperature tolerance, and high filtration efficiency stemming from the use of this technology. The simultaneous collection of gas and particle is also an advantage of using this technology. The costs of this technology include those incurred in changes to the original design, the need for more physical space, maintenance and servicing, and corrosion caused by the generated sludge. According to the results, the obtained benefits of this technology outweigh the costs. Brandley (2005) announced that ESPs are a common means of reducing PM emissions from boilers, kilns and engines. Collection efficiencies was various, depending on the size and quality of the ESP, but in some cases have reached to upwards of 99% levels. The economic impact was found to be $5,430/tpy (Brandley, 2005) .
Wet ESP technology provides with many features and benefits including low operating and maintenance costs, ultra low particulate emissions, compatibility with wet flue gas desulfurization (wet FGD) technology, and an optimized system design for sorbent injection technologies. For manufacturers with existing air pollution control equipment, wet ESP upgrades draw praise from customers who are eliminating carryover and costly maintenance. Improvements to water treatment, gas flow distribution and mist elimination enhance performance, reduce operating costs and protect downstream equipment (http://www.babcock.com/technology/pollutioncontrol/particulate).
ESP bag filter technology
According to the results in Table 5 the benefits of this technology include the removal of environmental emissions and social benefits resulting from the simultaneous control of ESP Bag filter and neutral chargeable particles, as well as high profits from pre-filtering bags. The technology however has high financial and design costs, as well as investment-related costs such as the need for supply source, ES pages, and the need for lightning protection systems. Research and education, especially for service and maintenance, have been allocated a big budget. Localization and the reuse of filters after cleaning are the advantages of using this technology. The combination of electrostatic precipitator (ESP) with bag filter technologies, which can filter smaller particles but fail to work effectively on larger particles, were selected as the proper alternative (closeness coefficient = 0.867) (Moridi et al., 2017) . Table 6 show that the removal of particles (10 microns and smaller) in nano-technology fibers platform leads to social consequences and damage control, and is therefore beneficial. Recycling is however costly with this technology. Removal of organic and non-organic radicals, simultaneous extraction of particles and gases, odor elimination, low power operation, and access to raw materials and polymer composites are the advantages of using this technology. On the basis of the results captured in Table 7 and T-test (one-sample-test) with a significance level of 5%, one can relatively have a realistic judgment in estimating the approximate financial, human, environmental costs. Bennett (2016) announced that nanofiber coatings Plus filter cartridges are another development from Freudenberg. According to Freudenberg, high initial efficiency can be guaranteed because, unlike conventional filters, these filters do not need pre-coating with dust. The corrugated filter medium ensures constant low resistance, reducing power and compressed air consumption, potentially extending the product lifetime. Nanofiber coated filter cartridges are straight for-ward to handle and require minimal maintenance (Bennett, 2016) .
Nano fibers beds technology
Results in
Conclusion
In this study, the problem of choosing the effectively technical and economic for particulate control technologies, were addressed based on the cost benefit analysis method, which is a reliable scientific method for decision-makers. The methodology developed in this work in term of weighting the seven aspects of cost and benefits (financial, personnel, service and maintenance, environmental-social, customer orientation, production, HSE risks) for selected effectively technical and economic particulate control technologies. Furthermore, decision-makers could use the results obtained via this method to better assess their performance in particulate control. The use of hybrid technologies, including Wet-ESP, has been a top priority for research, but it is feasible to use emission sources with limitations that require extensive research.
